Background: The arthroscopic method offers a less invasive technique of Bankart repair for traumatic anterior shoulder instability. We would like to report the 2 year clinical outcomes of bio-absorbable suture anchors used in traumatic anterior dislocations of the shoulder.
Introduction
Recurrent shoulder dislocation or instability is common in young athletes. These injuries often occur during sports, preventing the individual from returning to these activities. The stability of the glenohumeral joint is maintained by the glenoid labrum. This labrum creates a socket-deepening effect hence preventing any shoulder dislocations.
An avulsion of this anterior inferior labrum from the glenoid rim was first described by Perthes and Bankart in the early twentieth century [1, 2] . Since then, several open and arthroscopic techniques have been described to address anterior shoulder instability. These procedures address both capsuloligamentous laxity and labral pathologies via a variety of instruments, suture passages, knot-tying techniques and fixation devices. With the debate continuing regarding the indications for arthroscopic shoulder stabilization, recent studies have shown favorable outcomes with regards to the arthroscopic method [1, 2] . Moreover, with continuing criticisms with regards to the wide dissection, loss of external rotation, and post-op pain associated with the open repair, the demand for arthroscopic surgery has increased over the last two decade.
However, despite advances in the understanding and techniques of arthroscopic surgery, failure rates have reported to be as high as 30%. As arthroscopic techniques have continued to evolve over the last decade, it is important to evaluate if these new techniques have resulted in an improved outcome.
The following study aims to report and evaluate the pre-operative evaluation, thorough diagnostic arthroscopic examination for concomitant pathology, surgical techniques and the postoperative therapy program for a successful outcome of arthroscopic Bankart repair with the use of bio-absorbable suture anchors for patients that were followed up for at least two years from the date of surgery.
Methods
From 2004 to 2008, a total of 79 shoulders in 74 patients underwent arthroscopic Bankart repair for recurrent anterior glenohumeral instability by a single surgeon at our institution. Five patients had bilateral shoulders repaired. We hence conducted a retrospective analysis of a prospectively collected data after approval was sought for our study protocol from our hospital's ethics committee. 5 patients were lost to follow-up for UCLA analysis and 6 patients did not complete the SST questionnaire. Inclusion criteria for surgery included recurrent anterior glenohumeral subluxation or dislocation after an initial episode of traumatic anterior shoulder dislocation, a Bankart lesion confirmed by arthroscopic examination or ultrasound or Magnetic resonance imaging (MRI) and arthroscopic Bankart repair done using bio-absorbable suture anchors. The exclusion criteria were posterior instability, multidirectional instability, Hill-Sachs lesions more than 25% of the humeral head and bony Bankart lesion more than 25%. The degree of structural bony lesions was evaluated during arthroscopy, and patients demonstrating an engaging hill sacs or an inverted pear glenoid were taken to have significant bony loss [1] . All patients demonstrated a positive apprehension test as well as a load and shift test. All patients had pre-operative radiographs with an anterior-posterior, lateral, axillary and scapular-Y views taken. Magnetic resonance arthrograms were performed patients with equovical findings. The patients were included in the study after obtaining written, informed consent.
Two different outcome scoring measures were used to evaluate the effectiveness of the arthroscopic Bankart repair. The shoulder rating scale of University of California Los Angeles (UCLA) [1] and the simple shoulder test (SST) [1] . The SST consisted of a series of 12 yesno questions, measuring pain and function of the shoulder through assessing the patient's ability to perform 12 simple tasks with the affected shoulder. The maximum total score was 12 points, with a higher score indicating better function. The UCLA was used to evaluate the patient's pain, function, forward flexion, strength and patient satisfaction. These five items are rated on ordinal scales of different lengths and scoring points. The maximum total score possible is 35, with a higher score indicating better shoulder function. We assigned a score of 34-35 points as excellent, 29-33 points as good, 21-28 as mild, and 20 or less as poor.
The UCLA and SST were chosen based on reproducibility, practicability, ease of use and ease of incorporation in clinical practice. We believe that they were the most responsive scoring systems and also most accurately reflect the outcomes of the surgery by assessing the tasks the patients are able to perform with the shoulder [1] . The UCLA has also shown to have a low inter-observer variability [1] , while the SST has also been shown to satisfy the American Shoulder and Elbow Surgeons recommended attributes for a shoulder function assessment form [1] . Furthermore, these 2 outcome scores have also been used on numerous occasions in evaluating instability of the shoulder [1] . Data analysis comparing the pre-operative and post-operative UCLA scores were done using the Wilcoxon matched pairs test and data comparing the before and after surgery outcomes for the SST were done using the Unpaired T test. A value of p < 0.001 was taken as significant. All patients were followed up in clinic at 2 weeks, 1 month and then at 6 monthly intervals. All patients had a minimum of 2 years followup. Pre and post operative range of motion, function and return to sports were recorded. Treatment failure was regarded as recurrent shoulder dislocation, any sensation of subluxation, or instability preventing return to full activity or requiring a further stabilizing procedure.
Surgical procedure
All operations were performed with the use of a standardised technique by the same surgeon. After induction of a general anaesthesia, the patient was placed in a beach chair position and a thorough examination under anaesthesia was performed to assess the magnitude and direction of instability. The shoulder was prepared and draped in a sterile manner, and the bony landmarks were marked carefully to maintain orientation throughout the procedure. A standard posterior viewing portal was established approximately 2 cm inferior and one cm medial to the acromial angle. Two anterior portals were established using outside-in technique with a spinal needle to establish the most appropriate placement of the cannulas. The anterosuperior portal was made in the rotator interval just inferior to the anterior edge of the acromion, and the anterior midglenoid portal was made just over the superior border of the subscapularis tendon. A small cannula was inserted into the anterosuperior portal, and a large-diameter threaded cannula was placed in the anterior midglenoid portal. Complete diagnostic arthroscopy was done through the posterior and anterior portals, with assessment of the glenoid labrum, capsule, rotator cuff and the humeral head for possible Hill-Sachs lesions. Rotator interval closure was not performed and any other tears of the glenoid labrum were repaired.
The Bankart lesion was mobilised from the anterior glenoid surface using a periosteal elevator. The goal was to mobilise the labrum such that it could be shifted superiorly and laterally. The glenoid neck was lightly abraded using a rasper. All suture anchors used were from obtained from Arthrex. The Bio-suture Tak is a 3 mm diameter by 13 mm long bio-absorbable "push-in" anchor with a molded-in suture eyelet ideally suited for soft tissue attachment to bone in the shoulder joint where a small anchor profile with high pull-out strength is required. This suture anchor is molded from PLDLA poly (L-lactide-co-D, L-lactide), a non-crystalline, bioabsorbable copolymer. Figure 1 demonstrates the suture anchor used. The first anchor was placed at the 5.30 o'clock position, on the glenoid articular surface 3 mm from the articular edge. We believe this is essential in recreating the labral bumper, re-establishing the concavity compression effect and also tensioning the inferior glenohumeral ligament. The most inferior placement would ideally be placed at the 6 o'clock position however this often is not possible due to limitations in the placement angle. The suture anchor used requires drilling a pilot hole or using a punch to create the pilot hole prior to impaction of the implant to a countersunk position in the bone. A suture passer is then passed under the Bankart lesion. The suture strand of the suture anchor nearer the labrum was brought out through the anterosuperior portal, and in turn through the labrum in a retrograde fashion using the suture passer and retrieved from the midglenoid portal. This suture limb remained as the post during suture tying and this would ensure that the knot rest of the capsular side of the glenoid labrum and not on the articular side. This technique would effectively push the labrum up towards the glenoid socket, restoring labral height [1] and thereby recreating the labral bumper. Lazarus et al showed in a cadaveric study that by reducing the labral height by 80%, the resultant stability of the joint was decrease by 60% and that restoring of the labral height was paramount in restoring stability of the glenohumeral joint [1] . Hence our goal through the above techniques described through anatomical restoration of labral complex we hope to restoring tension in the anterior inferior glenohumeral ligament and achieve stability of the glenohumeral joint.
The second and third suture anchors were done at the 4.30 and 3.30 clock positions in the same manner. The sutures were tied using the Tennessee slider knot, which is easy to tie, has a low profile and possesses good holding strength [1] . When there was evidence of anteroinferior capsular laxity, the suture passer would be passed through the perilabral capsule one cm anterior and one cm inferior to the Bankart lesion to plicate the redundant capsule. This laxity is assessed by the ability to pass the arthroscope between the humeral head and the glenoid at the level anterior band of the inferior glenohumeral ligament. This drive-through sign is considered to be diagnostic of shoulder laxity or instability [1] .
Postoperatively, the patients were placed in a sling for six weeks. They were allowed to do pendular motion exercises for the first three weeks, followed by elevating the elbow to shoulder level (forward active flexion to 90°) from the third to the sixth week. They were also taught to do isometric rotator cuff exercises during these six weeks. Full shoulder mobilisation was allowed after six weeks. Sport activities were allowed at three months and contact sports at four months. Table 1 demonstrates the biostatistics of the patients in this study. There were no complications with regards to the arthroscopic technique. No bleeding, infection, compartment syndrome or neurological compromise were observed post-operatively. The most common associated injury was a Hill-Sach's lesion. This occurs as the posterior aspect of the humeral head impacts against the anterior glenoid, when the shoulder is discloated anteriorly.
Biostatistics

Results
The Simple Shoulder test (SST) showed a total of 73 responses out of the 79 shoulders that were operated on. The SST showed statistically significant improvement (P < 0.0001) from the pre-operative scores from a mean and standard deviation (SD) of 6.06 ± 3.12 with a range from 0 to 8 to a mean and SD of 11.08 ± 1.78 and a range from 4 to 12. Table 2 demonstrates the scores from The UCLA evaluated the patient's pain, function, active forward flexion, strength of forward flexion and satisfaction of A total of 6 shoulders in 5 patients had a recurrence of shoulder instability. Of the 6, 4 of the recurrence of dislocation were due to sporting activities, while the causes of dislocation of 2 shoulders were unknown. 75% of the patients returned to previous sporting activities, while the remainder felt they could not return because they were afraid of a recurrence. All of the patients apart from those who developed a recurrence demonstrated a negative load and shift as well as a negative anterior apprehension test on post-operative clinical examination. Patients were also asked to rate the feeling of stability of their shoulder pre and post operation on a scale of 0 to 10, with 10 being the most unstable. Mean shoulder instability score was 7.33 before surgery and 1.89 after surgery.
No correlation could be established between the age, gender, frequency of dislocation, duration from first dislocation to surgery and the rate of recurrence. Although Voos and his colleagues found associated ligamentous laxity and age under 25 to be risk factors for recurrence, these factors could not be established in our study [1] .
Discussion
Historically, arthroscopic repair for the treatment of the Bankart lesion has been less satisfactory than the open technique [4] . However, many of these arthroscopic techniques described were using transglenoid sutures or bio-absorbable tacks [1] . In last few years, newer techniques involving suture anchor fixation and capsular pilacation have started to evolve, with promising results. These suture anchors have increasingly been use in laberal repair and capsulolabral reconstruction [1] . Our study has shown that patients undergoing arthroscopic repair with these suture anchors have excellent clinical outcomes and similar recurrence rates as compared to open surgery.
Suture anchors are low-profile fixation devices that minimize articular surface damage of the humeral head, offering anatomic reconstruction of the glenoid labrum as well as the glenohumeral ligament complex. These suture anchors may be inserted either open or arthroscopically, with the aim of re-attaching the anterior inferior labrum along with the ligaments to the glenoid labrum. Knots are placed on the capsular side of the Bankart lesion, recreating the socket-deepening bumper effect of the labrum and hence restoring the concavitycompression mechanism of the glenoid labrum on the humeral head [1] . Any redundant or lose capsule is also addressed during the same operation, allowing one to address any capsular laxity, restoring tension in the anterior-inferior glenohumeral ligament and stability to the glenohumeral joint. The arthroscopic Bankart repair offers many advantages when compared to the open technique. It offers a minimally invasive approach with less surgical trauma and blood loss, with improvements in operating time, perioperative mobidity, narcotic use, hospital stay, time loss from work and decrease number of complications together with a lower cost of surgery [1] . We have also shown that post-operative range of motion is not sacrificed for the sake of stability, with a mean and standard deviation of 81.39 ± 8.12 degrees of external rotation. This allows the patients to return to sports or return to physically demanding jobs.
The introduction of bioabsorable suture anchors also simplifies any revision surgery, reducing concerns regarding infected implants [1] and anchor migration leading to articular cartilage damage [1] . During surgery, either two or three suture anchors are inserted, depending on the size of the Bankart lesion. Our results showed that patients who had only two suture anchors did not have a higher rate of recurrence. Patients with anteroinferior capsular laxity were treated accordingly by pinch tuck capsular placation as described earlier.
Although some studies have shown that the presence of capsular laxity may affect the outcome of arthroscopic stabilization [1] , while others have suggested that the elastic deformation of the glenohumeral ligament at the time of injury prevents the same degree of structural damage [1] , we do not consider Bankart lesions associated with capsular laxity a contraindication to arthroscopic surgery. On the contrary, capsular placation can be done arthroscopically to address the issue of anteroinferior capsular laxity and this significantly augments the stability achieved with Bankart repair.
The majority of our patients were young physically active individuals, who engage of either vigorous sports or high demand jobs. Satisfactory range of motion, especially external rotation allows for performance during sports as well as proper functioning for activities during daily living. Several other studies published also reported a good range of motion after arthroscopic repair, often even better than repair with the open technique [1] .
The recurrence rate in our study was 7.6%, which is similar to other published studies. Recurrence rates using the open technique ranged from 0-22% [1] . Warner et al initially published discouraging results with the arthroscopic techniques for contact sport athletics back in 1997 [1] , however with modern arthroscopic techniques, extremely strong suture anchors and secure repair techniques allowing the patients to undergo extensive rehabilitation our study and other supporting studies have shown early return to competitive sporting activities [1, 2] .
Conclusions
Arthroscopic Bankart repair with the use of suture anchors is a reliable treatment method, with good clinical outcomes, excellent post-operative shoulder motion and low recurrence rates.
